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Abstract—In this paper, we investigate the joint impact of
misalignment fading and local oscillator (LO) phase noise
(PHN) in multi-carrier terahertz (THz) wireless systems.
In more detail, after establishing a suitable system model
that takes into account the particularities of the THz
channel, as well as the transceivers characteristics, we
present simulation results that quantify the joint impact
of misalignment fading and PHN in terms of average
signal-to-interference-plus-noise-ratio (SINR) and outage
probability (OP).
I. INTRODUCTION
Spectrum limitations have motivated researchers to
look at the THz frequencies for beyond the 5G wireless
networks. THz bands have an advantage of ultra high
bandwidth availability; hence extremely high data rates
could be supported [1]. However, THz systems suffer
from channel attenuation significantly limiting the trans-
mission range, hence making necessary the use of highly
directive antennas at both the base station (BS) and
user equipment (UE) [2]. Furthermore, the transceivers
hardware imperfections mainly caused by the LO imper-
fections [3] severely degrade the performance of wireless
radio frequency (RF) systems. In this sense, to the best
of the authors knowledge, there is no study on the joint
impact of misalignment fading and LO PHN in the
performance of THz wireless systems.
II. SYSTEM MODEL & PERFORMANCE METRICS
System model: We consider a downlink scenario in a
multi-carrier wireless THz system with a single BS and
a UE, equipped with Nb and Nu antennas, respectively.
The wideband RF signal of bandwidth W is assumed
to be divided to K ∈ Z narrowband carriers and each
carrier k ∈ {−K
2
, ...,−1, 1, ...K
2
} has a bandwidth of
Wch = Wsb +Wgb, where Wsb denotes the transmitted
signal bandwidth and Wgb is the guard band bandwidth.
Both the BS and UE are assumed to perform analog
beamforming and that the UE suffers from LO PHN,
a practical assumption, due to the low-cost demand
and the low-computational capabilities of the UE [4],
while the BS has a perfect RF chain. The baseband
equivalent received signal at the carrier k, assuming
that the beamforming directions are orthogonal, can be
obtained [3]
yk = hksk + ψk + wk, (1)
where sk and wk are the emitted signal and the complex
zero-mean additive white Gaussian noise (AWGN) at
carrier k, while hk stands for MIMO channel coeffi-
cient at the k−th carrier, which can be expressed as
hk = hlhphf , where hl,hp,hf respectively model the
deterministic path gain, the misalignment fading and the
stochastic path gain. The deterministic path gain coeffi-
cient can be expressed as hl = hflhal, where hfl models
the propagation gain according to the Friis equation,
while hal stands for the molecular absorption gain and
can be evaluated as in [5]. For the pointing errors, the
probability density function (PDF) of the channel coeffi-
cient, hp, can be obtained as in [2]. The fading coefficient
|hf | is modeled as a Nakagami-m process. Finally, ψk
denotes the LO PHN vector and can be obtained as,
ψk = θk−1hk−1γk−1sk−1 + θk+1hk+1γk+1sk+1, with
γk = exp (jφk) and φk =
∑n
m=1 φk (m− 1) + ǫ (n),
where φk(n) is the n−th sample of φk and ǫ (n)
is a zero mean real Gaussian variable with variance,
σ2ǫ = 4πβ/W , where β is the 3 dB bandwidth of the
LO process. Moreover,
θk =
{
1, k ∈ [−K/2− 1,K/2 + 1]
0, otherwise
.
Performance metrics: Based on (1) the instantaneous
SINR can be obtained as ρ = |hk|
2
Pk/(σ
2
ψk
+ No),
where Pk and No respectively stand for the transmitted
signal and noise power, while σ2ψk is the variance of
the ICI term, which, for a given channel realization, can
be evaluated as σ2ψ|{hk,θk} = θk−1Ak−1 |hk−1|
2
Pk−1+
θk+1Ak+1 |hk+1|
2
Pk+1 ,where Pk±1 are the transmis-
sion powers at carriers k ± 1. Moreover Ak±1 denote
the ICI form carriers k ± 1 and can be obtained as
in [3]. The OP is defined as the probability that the
received signal is below a predetermined threshold, γth,
that is connected with the transmission scheme spectral
efficiency, r, through γth = 2
r−1.
III. RESULTS & CONCLUSIONS
We consider that both the BS and UE are equipped
with high directive antennas with transmission and re-
ception gains both equal 55 dBi [2], also we assume
m = 4 and K = 10 carriers of the 2 GHz bandwidth
each and total guard bandwidth of 5 MHz. Finally, we
set the central frequency to 335 GHz.
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Fig. 1: Average SINR vs fk for different values of β,
Pk±1, and d = 10 m.
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Fig. 2: OP vs fk, for different β, and Pk±1, assuming
d = 10 m.
Figs. 1 and 2 depict the impact of LO PHN in the
signal quality and system performance. From Fig. 1, we
observe that at each carrier frequency, the lower values of
the LOs 3-dB bandwidth and neighboring carriers trans-
mission powers yield higher average SINR. Fig. 2 reveals
that for β > Wch, all the power of the neighboring k±1
carriers is treated as interference in carrier k. In other
words, this result reveals that the LO should be selected
in accordance with the carrier bandwidth.
Fig. 3 quantifies the impact of misalignment fading
on the received signal quality. For a fixed level of
misalignment fading, as the transmission distance in-
creases, the path-loss increases; hence, the average SINR
decreases. Furthermore, it is observed that for a given
transmission distance, the increase of the spatial jitter
leads to significant SINR degradation. This indicates
the importance of taking into account the impact of
misalignment fading, when evaluating the performance
of a wireless THz system.
Fig 4 presents the effect of misalignment fading to
the wireless THz system outage performance. Moreover,
for a given σs, as γth decreases, the outage probability
also decreases. This indicates that a countermeasure to
the outage performance degradation, caused by misalign-
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Fig. 3: Average SINR vs d, for different values of spatial
jitter σs, Pk±1 = 5 dB and β = 1.5 GHz.
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Fig. 4: OP vs γth for different values of spatial jitter σs,
Pk±1 = 5 dB, β = 1.5 GHz and d = 10 m.
ment fading, is the use of transmission schemes with
lower spectral efficiency.
To sum up, our results revealed the frequency depen-
dent behavior of the impact of PHN and provided useful
insights for the selection of suitable LOs for wireless
THz systems. Finally, the importance of taking into
account the effect of misalignment fading, when quanti-
fying the performance of these systems, was highlighted.
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